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II. HISTORICAL 
A. Hydroxylase Enzxmes 
I. Mechanism of action: Although unrecognized 
before '955, studies in many laboratories have re-
vealed a group of enzymes which catalyze the addition 
of hydroxyl groups to numerous compounds. When Mason 
and his co-workers described the incorporation of 0
18 
in 3,4-dimethylphenol catalyzed by a phenolase com-
ponent, the overall reaction was represented by the 
following equation: 
It soon became apparent that this type of re-
action required an electron donor as well as 
molecular oxygen. It was also shown that one oxygen 
atom is incorporated into the substrate (SH) molecule 
while the other is reduced to H20 with the concomi-
tant oxidation of an appropriate electron donor as 
follows: 
+ SH + O2 + 2 e + 2M -7 SOH + HOH 
When the substrate, SH above, contains an aromatic 
or alicyclic ring, the product, SOH above, IS a phenol 
or an alicyclic alcohol. 
J • 
In all cases studied, the source of the electrons 
has proved to be a pyridine coenzyme. In most hydroKY-
lation reactions, NADPH* appears to be a specific 
electron donor; but in some microbial systems NADH** 
is the preferred or specific reducing agent. for the 
side chain cleavage of cholesterol by adrenal corti-
cal preparations, NADPH is specifically required when 
"mitochondriau are used; but solubilized preparations 
can use either NADPH or NADH (II). Substituting a 
pyridine coenzyme for the electron donor, the general 
equation for hydroxylation would be as follows: 
+ + 
SH + 02 + NADPH + H ~ SOH + HOM + NADP 
Fruton and Simmonds (8) state that it is probable 
that both a reduced pyridine nucleotide and 02 are 
essential for the action of the 17-hydroxylase as 
well as of the 21-hydroxylase. Hayano demonstrated 
18 
by ° experiments that the oxygen for the hydroxyl 
group of the steroid C
II
, C17 , and C21 
positions 
comes directly from molecular oxygen in adrenal and 
microbiological systems (12). 
Footnotes1 *NADPH: Reduced nicotine adenine dinucleo-
tide phosphate, formerly TPNB. 
**NADH: Reduced nicotine adenine dinucleo-
tide, formerly DPNH. 
2. 
Ryan,in his study of C21 hydroxylation of steroids 
in beef adrenal fractions, defined 21-hydroxylation 
as a reaction involving the microsomal fraction, NADPH, 
and atmospheric oxygen (28). He found that the 
hydroxylation reaction would not proceed without a 
7 
source of NADPH. Plager and Sanvels demonstrated an 
NAD requirement of C
Z1 
hydroxylation and also an in-
creased activity upon addition of ATP (25). In 
agreement with this, Ryan found that nicotinamide, 
ATP, and NAD were required for maximal hydroxylating 
activity (28). It was also demonstrated that re-
action mixtures which were equilibrated with nitrogen 
rather than oxygen would not hydroxylate the steroid 
substrate (28). Cooper, et al studied the stoi-
chiometry of the CZ1 hydroxylation by adrenocortical 
microsomes and found that the increase in rate of 
NADPH oxidation after addition of substrate (17&-
hydroxyprogesterone) was nearly equal to the rate of 
product (cortexolone)formation within the linear 
segments of the curve. The ratio of cortexolone 
formation to the increment of NAOPH oxidation ranged 
from 0.9 to 1.1 with a mean of 0.98; i.e. on the 
3. 
average one mole of NADPH was oxidized per mole of 
cortexolone formed. Oxygen uptake was determined 
po I arograph ical Iy, and the results demonstrated that 
one mole of oxygen was utilized per mole of NAOPH 
oxidized for the 21-~ydroxylation of one mole of 
steroid (3). On the basis of this experiment it 
would be valid to write the 21-hydroxylation re-
action in the form of the general hydroxylation 
reaction that was previously suggested: 
17u-hydroxycorticoid + NADPH + H+ + 02 > 
17,2J-dihydroxycorticoid + NAOP+ + H20 
It was noted that e21 hydroxylation showed from 
50% to 100% inhibition with mercurials and heavy 
metals, thus suggesting that sulfhydral groups are 
important. No metal or flavin requirement for C21 
hydroxylation has been demonstrated by inhibition 
studies; although the soluble enzyme preparations 
involved in phenol (21) and phenylalanine (23) oxi-
dation have been characterized as metalloproteins. 
Massart (22) In his review of oxygenase and 
hydroxylase en~ymes notes that: I). A large number 
of oxygenases and hydroxylases contain a metal, 
4. 
mostly iron. 2). These iron containing compounds 
may react with either hydrogen peroxide (H202 ) or 
oxygen (02) and could thereby mediate the transfer 
of hydroxyl free radicals (HO.) or transfer oxygen 
to the substrate. 
The biological role of peroxidase and possibly 
that of catylase also can be explained now by their 














According to Ryan (28) hydrogen peroxide does not 
appear to be an intermediate in view of the negative 
results with peroxide generating systems and the 
lack of inhibition with catalase, but the formation 
of organic peroxides has not been excluded. Cooper, 
et al (3) analyzed their reaction mixtures for "202 
5. 
and found that there was only an erratic occurrance 
of "202 formation. No relationship was found between 
H202 formation and the amounts of NAOPH and 02 uti-
lized or the amount of hydroxylation product formed. 
Subtracting for 02 uptake in the absence of NADPH, 
it was found that the ratio of the consumption of 02 
In moles to the oxidation of NAOPH in moles using 
adrenal microsomes in the absence of substrate was 
approximately 0.5; i.e. one mole of 02 was consumed 
for two moles of NAOPH being oxidized. From this 
evidence it would appear unlikely that H202 is a normal 
end product of adrenocortical microsomal NAOPH 
oxidation. 
It has been reported that 21-hydroxylation was 
inhibited by carbon monoxide, and that this inhibition 
was partially reversed by light. "This light reversi-
ble carbon monoxide inhibiti on suggests the partici-
pation of the microsomal cytochrome (cytochrome-m) 
in the hydroxylating system" (28). Cytochrome-m, 
which is present in large quantities in the microsomal 
fraction of liver and adrenal cells,can oxidize NAOPH, 
NADH, ascorbate, and is itself auto-oxidizable. In 
view of the large number of oxidative reactions 
t. 
ascribable to the microsomal fraction, it could be 
suggested that cytochrome-m has an oxidative rather 
than a reductive function as originally proposed (39). 
Cytochrome-m could function in an analogous manner to 
the copper containing protein in phenol oxidation (21). 
The reduced cytochromes might form a complex with 02 
which could result in the oxidation of the steroid 
substrate. The light reversible inhibition of 21-
hydroxylase by carbon monoxide lends support to such a 
hypothesis (28). An enzyme must still be present In 
order to provide the electron donor and substrate 
specificity of the reaction. 
Hayaishi (II) reports that free radical inter-
mediates have been detected and identified during 
peroxidatic oxidations by means of electron spin 
resonance spectroscopy. This fits in nicely with 
Massart's (22) suggestion that "free radical formation 
on the substrate may be the reason why hydroxylation 
IS directed towards electronegative sites on the 
molecule." Kadis reports that he found no free radi-
cal intermediates using electron spin resonance 
spectroscopy to follow the course of a reaction con-
taining sow ovarian microsomes, necessary cofactors, 
7. 
and progesterone as a substrate (17). 
At the present time, it is not known whether 
enzymatic steroid hydroxylation proceeds by ionic or 
free radical mechanisms although model systems have 
been proposed for both mechanisms (22, 41). 
Whether or not nonenzymatic, nonspecific hydroxy-
lation IS important as a biochemical pathway cannot be 
solved at present. Fellman and Delvin (6) believe 
that beef adrenal medulla hydroxylates phenylalanine 
by a nonenxymatic mechanism suggested by U~denfriend 
(43). Comparative kinetic studies could discover to 
what extent nonspecific, nonenzymatic hydroxylating 
systems are able to compete with the enzymatic 
reaction. Insofar as steroid hydroxylation is in-
volved, Ryan Delieves that a specific enzyme must be 
present ( ). 
2. Intracellular location: Although barely 
fifteen years old, the technique of centrifugal frac-
tionation may be ranked among the major tools of 
contemporary biochemistry, on the basis of both the 
number and variety of its application as well as the 
fundamental nature of its contributions. Among the 
8. 
fundamental discoveries revealed by this technique, . 
one would I ist the recognition of the mitochondr~a as 
the agents of oxidative phosphor~lation and the micro-
somes as the main site of protein synthesis (4). 
The most commonly used method for the ultra-
centrifugal separation of subcellular components has 
been to isolate four morphologically distinct fractions: 
I). nuclei 2). mitochondria 3). microsomes, and 
4). soluble cell fraction (4, 30). 
Oxygenase enzymes do not appear to be associated 
with anyone specific constituent of the cell, but are 
distributed in various cellular fractions (4). For 
example II~-hydroxylase has been found only in the 
mitochondrial fraction of adrenal coctex, while 21-
hydroxylase is located only in the microsomal fraction 
of the same tissue. Several workers have found oxy-
genase enxymes in liver microsomes that require the 
same cofactors, 02 and NAOPH, as the steroid hydcoxy-
lases (34). It has also been shown that 17a-hydroxy-
lase is found in the microsomal fraction (18). In 
the case of the liver oxygenases and 21-hydroxylase, 
the NAOPH is supplied by the soluble cell fraction via 
9. 
glucose-6-phosphate-dehydrogenase. A careful review 
of the literature reveals that I). with the exception 
of II~-hydroxylase, experiments demonstrating hydroxy-
I ase" enzymes in the m i tochondr i a I fract i on are in 
contention with findings by other workers. 2). the 
apoenzyme moiety of 21-hydroxylase and numerous liver 
oxygenases are located in the microsomal fraction and 
have the same cofactor requirements. 3). the coenzyme, 
NADPH, necessary for the action of these microsomal 
hydroxylases is suppl ied by the soluble cell fraction 
via glucose-6-phosphate dehydrogenase (4,24,28). 
B. Biosynthesis and Metabolism of 17a-Hydroxy-
Rrogesterone 
Relatively recent advances in biochemical techni-
ques have made it possible to gain further knowledge 
of the pathways of human steroid biosynthesis and 
metabolism. It has become increasingly apparent that 
17a-hydroxyprogesterone occupies a central position 
from which many of the biologically active steroids 
are derived (Fig. I). 
17a-hydroxyprogesterone IS synthesized by the 
action of 17a-hydroxylase on progesterone which.is 
10. 
FIGURE I. 
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derived from pregnenolone. It has been suggested that 
17a-hydroxyprogesterone could also arise from the action 
of a 3-~-oJ-dehydr0genase and a C3-4 isomerase on 
o 
17a-hydroxypregnenelone. Dorfman (5) postulated this 
latter as a possible mechanism, but the results of in-
cubation experiments show the major conversion product 
of 17a-hydroxypregnenelone to be dehydroepiandrosterone 
(DHEA) with no production of 17a-hydroxyprogesterone(36). 
On the other hand 17a-hydroxyprogesterone was the 
major conversion product in similar incubation experl-
ments using progesterone as the substrate (36). The 
.enzyme which effects this conversion is 17a-hydroxylase. 
The enzyme has been found in testicular particles (7, 
20, 33), ovarian tissue (7, 24, 37), arrhenoblastoma 
(47), corpora lutea (49), adrenal cortex (26, 38), and 
human placenta (10). Besides the enzyme, the coenzyme, 
NADPH, and molecular oxygen are necessary for the C-17 
hydroxylation of progesterone. The optimum pH, 
optimum temperature, QIO, specific inhibitors, and sub-
strate specificity, other than the inability to 
hydroxylate C-21 hydroxylated steroids (25), have not 
been studied to date. Whichever route the production 
I I • 
of 17a-nydroxyprogesterone may take, the same basic 
modifications of pregnenelone occur: I). oxidation 
of the C
3 
alcohol to a ketone 2). shift of the 
CS- 6 double bond to the more stable C4- S position, and 
3). hydroxylation at position 17 (fig. I). 
17a-hydroxyprogesterone is then metabolized by 
one of the three major pathways. It can be met abo I ized 
in the liver to form pregnane-3a-f7a-triol (pregnane-





• A second major pathway occurs 
in adrenal and gonadal tissue whereby the acetyl side 
chain is split off to form adrogenic steroids (tes-
tosterone and androstene-3,17-dione) which in turn can 
be converted to the estrogens (29,30). The third 
major pathway for the metabolism of 17a-hydroxy-
progesterone is the conversion of this compound In the 
adrenal glands via C21 and CII hydroxylation to the 
17-hydroxycorticosteroids (II-desoxycorticol, 21-
desoxycortisol, cortisol, and cortisone) (19). 
12. 
III. PURPOSE 
The intended goal of this research was to 
demonstrate the substrate specificity of 17a-
hydroxylase with various compounds; since Plager 
and Samuels have shown that this enzyme was unable 
to hydroxylate the 21-hydroxyprogesterone (25). 
13. 
IV. MATERIALS AND METHODS 
A. Non-Radioactive Substrates 
I. Tissue preparation: Sow ovaries were collected 
tn Ice and prepared for incubation by I). stripping 
off the capsules, 2). removing extraneous pieces of 
fallopian tubes, and 3). dissecting free the uterus. 
AI I steps were performed in a cold room at 4° c. 
Cysts were ruptured in order to eliminate the steroid-
rich fluid and to increase the amount of ovarian 
tissue in the weighed portions that were used for In-
cubation. Only those ovaries with four or more corpora 
lutea were chosen. Representative portions were taken 
for histological examination to verify that the en-
capsulated, pulpy, greyish-white to flesh colored 
nodules on the surface of the ovary were, In fact, 
corpora lutea. Trautmann and Fiebiger state that in 
the ewe, goat and sow the corpus luteum is greyish-
white to flesh colored because of the absence of 
lutein from the proliferated granulosa cells (42). 
Never more than four hours elapsed between the time 
the first ovaries were collected and the selected 
ovaries were placed in the freezer. 
14. 
2. Incubation: The tissue was incubated uSing 
the system of Hayano, et al (12) as modified by Warren 
and Salhanick (44). Chromatographically pure steroid 
substrates were placed in separate 500 mi. Erlenmeyer 
flasks and dissolved in 0.2 mi. of absoluteEthanol. 
Ten grams of ovarian tissue for each incubation were 
then minced and added to the buffer which contained: 
Phosphate buffer 20 roM, pH 7.4 (10 mi. per 
gm. ovary) 
Sodium fumarate 70 mM 
Nicotin amide 40 roM 
Magnesium chloride 7 mM 
A mixture of 95% 02 and 5% CO2 was bubbled 
through each incubation mixture for ten minutes. The 
flaSKS were then capped and equilibrated for 15 minutes 
at 37°C. in a water bath with constant shaking_ The 
following cofactors were added after equilibration: 
Adenosine triphosphate as 
Na salt (ATP) 
Nicotine adenine dinucleotide 
(NAn) 
Nicotine adenine dinucleotide 
phosphate (NAOP) 
Reduced nicotine adenine 






The incubations were continued for two hours. 
3. Extraction and purification: Four volumes 
of acetone were added to the reaction mixtures and 
left in a cold room for 12-1~ hours at 4°C. The 
protein precipitate was filtered off with a coarse 
fritted glass filter. Evaporation of the acetone from 
the protein free filtrate was accomplished with a 
vacuum evaporator, and the remaining aqueous solution 
extracted three times with an equal volume of 
chloroform. The chloroform extract was then evaporat-
ed in vacuo and the residue partitioned between 70% 
ethanol and Skellysolve B to remove lipid material. 
A gentle stream of nitrogen was used to remove the 
ethanol, and the remaining aqueous layer re-extracted 
with chloroform which was dried down in vacuo. 
Purification of the chloroform extracts was 
ach i eved by descend i n9 chromatography on \tJhatman #2 
filter paper with formamide as the stationary phase In 
a modification of the system described by Zaffaroni (48). 
Standard strips containing progesterone, 17a-hydroxy-
progesterone and appropriate compounds were run along 
with all purifications. The strips were overrun for 
16. 
thirty hours uSIng hexane as the moving phase. This 
procedure removed the less polar unchanged progest-
erone and left the more polar steroids (17a-hydroxy-
progesterone, 20a-hydroxy-4-pregnene-3-one, 17a,20u-
dihydroxy-4-pregnene-3-one, 16u-hydroxyprogesterone, 
and 4-androstene-3,17-dione) at the origin (44, 45). 
The strip was then air dried for ten minutes in order 
to evaporate the hexane and then re-chromatographed 
using hexane-benzene (I:I v/v) for two to three hours 
or long enough to move the front at least 40 centi-
meters from the origin. 
4. Proof of structure: The 17u-hydroxy-
progesterone was located on the chromatogram with an 
ultraviolet scanner and its Rf* compared to that of 
the standard. Strips of the ultraviolet absorbing 
areas corresponding to the standard were eluted by 
methanol. The eluent was filtered in a fine fritted 
glass filter to remove small particles of filter paper 
which would make the solution too turbid for spectro-
photometric determination. 
* Rf = The ratio of the distance of the compound from 
the origin to the distance of the solvent front 
from the origin. 
17. 
., .. ~ 
A Model D.U. Beckman Spectrophotometer was used to 
determine the presence and concentration of 17-hydroxyl 
derivatives by comparison of the 240 millimicron peak 
of the eluted steroid with known concentrations of an 
appropriate standard. 
Derivatives of the suspected 16-17 epoxyprogest-
erone were prepared by the fol lowing methods: 
(a). Reductioll 
The steroid was dissolved in ether uSIng 
lithium aluminum hydride as the reducing agent and re-
fluxed for 30 minutes. Water was added to the reaction 
mixture to decompose any remaining lithium aluminum 
hydride, and the resulting mixture filtered. 
Extraction was accomplished with chloroform and ether 
fol lowed by vacuum evaporation. 
(b). Pe~iodlc~a£id 2xId~tIoll 
One volume of glacial acetic acid and five 
volumes of O.4N Sulfuric acid containing O.06M periodic 
acid were added to the steroid. After three hours, 
distilled water was added and the steroid extracted 
with chloroform (44). 
Presumptive proof of structure was then based 
upon: I.) Equal Rf's of product and standard in at 
18. 
least two chromatographic systems, 2). equal Rf's 
of derivative and appropriate standard. 
B. Radioactive Substrate 
In this experiment 0.2 mi. of ethanol containing 
6 14 J.3x10 decompositions per minute of progesterone-4-C 
purified by chromatography was used as the substrate. 
The material was~ incubated and worked-up as described 
in Section A. The protein precipitate was hydrolyzed 
with I.ON sodium hydroxide and the chloroform extract 
checked for radioactivity. Each subsequent fraction In 
the extraction and purification procedure was also 
checked for radioactivity. Ninety percent methanol 
was compared with 70% ethanol with regard to their 
ability to extract steroid from the Skellysolve B -
lipid fraction. One milli9ram of carrier 17a-hydroxy-
progesterone was added to the radioactive steroid 
whose Rf was equal to that of the standard 17a-hydroxy-
progesterone. This mixture was chromato9raphed in the 
bexane and hexane-benzene systems. Rf's and specific 
activities* were determined. 
* Specific activity = Decompositions per minute per 
mill i gram. 
19. 
A Nuclear-Chicago manual windowless gasflow 
counter was used both for scanning the chromatograms 
and for counting the activity of the eluted steroids. 
The latter were plated on tared aluminum pJanchets at 
infinite thinness, and sufficient counts were made to 
give a standard error of not more than 2%. 
Chromatography in the two systems with the speci-
fic activity remaining the same was accepted as 
presumptive evidence that the tissue contained the 
17a-hydroxylase enzyme (I, 10). 
20. 
v. RESULTS AND DISCUSSION 
Microscopic examination of the pulpy, flesh 
colored nodules on the surface of the sow ovaries 
showed them to be active corpora lutea. It has been 
shown that corpora lutea are rich in the enzymes 
necessary for conversion of progesterone (15, 16). 
The 17a-hydroxylase system was demonstrated to be 
intact by finding 17a-hydroxyprogesterone following 
incubation with both radioactive and non-radioactive 
substrate, the presence of 17a-hydroxyprogesterone was 
proven by the method of Berliner and Salhanick (I), 
I.e. the specific activity of the radioactive compound 
remained constant when it was chromatographed in two 
systems. 
No 17a-hydroxy derivatives were found in incu-
bations other than those using progesterone as the 
substrate. If the 17a-hydroxy derivatives were indeed 
produced from the other substrates, there are at least 
three possible explanations for the failure to find 
them: I). they were lost in extraction. Subsequent 
experiments with radioactive steroids demonstrated 
that 70% ethanol retained only 37% of a dissolved 
21. 
steroid after being extracted three times with an 
equal volume of Skellysolve B. Ninet~ percent methanol 
was 2.4 times as effective, retaining 91% of the dis-
solved steroid. Since 70% ethanol was used in all 
these extractions, it is conceivable that up to two-
thirds of the steroids present were lost at this step 
in the extraction. All other steps in the extraction 
procedure showed no loss of steroid. The chloroform 
extract of the protein hydrolysate contained no radio-
activity. 2). a second possibil ity is that the 17a-
hydroxy derivatives were present in such low concen-
trations that they could not be detected by the methods 
used. Depending upon the width of the paper strip, 
five to ten micrograms of steroid must be present In 
order to be located with the ultraviolet scanner. 
The Beckman DU is capable of detecting compounds when 
the concentration IS as low as IxIO-5 molar. Both of 
the above factors would playa part in the failure to 
detect the 17a-hydroxy derivatives if they were 
produced. 3). a third possibility is that some of the 
17a-hydroxy derivatives formed were not separable from 
the other steroids by chromatography. 
22. 
If the 17a-hydroxy derivatives were not produced, 
there are two assumptions that one can make: I). the 
possibility of the 17a-hydroxylase system being non-
functional would be ruled out by the fact that 17a-
hydroxyprogesterone and 17a,20a-dihydroxyprogesterone 
were isolated when progesterone was used as a substrate 
and that all of the incubations were carried out under 
identical conditions. 2). the second possibility is 
that the enzyme was unable to hydroxylate the compounds 
used because they were not structurally similar enough 
to progesterone. All of the substrates employed had 
alterations in or near the D-ring of the steroid 
nucleus, and it is very likeJy that the enzyme, due to 
the steric alterations, would be unable to attach these 
compounds to its "active site" (31,41). Since the flat 
steroid molecule appears to attach itself to protein 
on the beta side, one would suspect that molecules 
having additional ~ groups (e_g_ 20~-hydroxy-
progesterone) would be most effective in blocking 
enzyme attachment (31, 32). 
Following the incubation of 
16, 17 
~ -progesterone, 
a product was isolated whose Rf in hexane and hexane-
23. 
benzene was nearly identical to that of 16,17-epoxy-
progesterone. Reduction of this compound with lithium 
aluminum hydride and subsequent oxidation with periodic 
acid failed to show the presence of ~ny androstene-3, 
17-dione. Standard 16,17-epoxyprogesterone did form 
androstene-3,17-dione under similar conditions (Fig. 2). 
This compound remains unidentified and, on the basis 
of the above reaction, does not appear to be 16,17-
epoxyprogesterone. It is possible, however, that the 
extracted steroid was converted to the 16-hydroxy 
derivative, which would not form androstenedione under 
periodic oxidation conditions. The net amount of 
androstene dione, if formed, was undectable by our 
methods. 
large amounts of a steroid whose Rf was identical 
to that of 20a-hydroxyprogesterone were found in al I 
the incubations using progesterone as the substrate. 
Huang and Pearlman reported that luteinized rat ovarian 
tissue produced progesterone and 20a-hydroxy-
progesterone to the virtual exclusion of other 
hormones (15). On the other hand Warren and Salhanick 
found additional hormones after incubation of human 
24. 
FIGURE II. FORMATION OF DERIVATIVES OF 16,17-EPOXIOE 





t J~:OH + HI04 
(b) Periodic acid 
oxidation 
24a. 
14 ovarian tissue with 4-C -progesterone, but 20u-
hydroxyprogesterone was produced in the highest yield 
(44). 20u-hydroxyprogesterone is formed from progest-
erone by the action of a 20-keto reductase enzyme and 
NADPH. This enzyme would compete with the 17u-
hydroxylase enzyme for both the coenzyme, NADPH, and 
the substrate, progesterone. Any condition that would 
tend to favor 20-hydroxylation would reduce the amount 
of 17u-hydroxyprogesterone that would be formed. 
17u,20a-dihydroxyprogesterone was isolated from 
14 the incubation mixture using progesterone-4~C as the 
substrate but not from those using non-radioactive 
progesterone or 20a-hydroxyprogesterone. This compound 
is produced in such small yields that one would not ex-
pect to isolate it using non-radioactive techniques (44). 
It would be very interesting to study the formation of 
this compound by separate incubations with the 4_C 14 
isotopes of 17a-hydroxyprogesterone and 20u-hydroxy-
progesterone. One could then demonstrate whether or 
not the synthesis of this compound depended upon a 
definite order of enzymatic action; and, if so, 
whether hydroxylation or reduction occurred first. 
25. 
from the work of Pfager and Samuels (25) with regard 
to the formation of the 17,21-dihydroxy compound, it 
would be suspected that synthesis of the f7,20-diol 
would proceed in a specific manner. 




Substrate Amount of 17-Hydroxy Other Steroids 
Substrate Derivatives .!.§olated 
Progesterone I .48 mgm. 17a.-hydroxy- 20a-hydroxy-
progesterone progesterone 







L.\ -progesterone I .41 mgm. none Unidentified 
compound with 
Rf equal to 
that of 16-17 
epoxy-
progesterone 




20a.-hydroxyprogesterone I .42 mgm. none none 
20~-hydroxyprogesterone 1.45 mgm. none none 
26a. 
VI. CONCLUSIONS 
I. The f7a.-hydroxylase system was round to be intact 
In the mince pr~paration or sow ovary used in the 
incubations. 
2. No 17a.-hydroxy derivatives were found in incu-
bations other than those using progesterone as a 
substrate. These compounds i so fated \..rere f 7a.-hydroxy-
progesterone, 17a-hydroxyprogesterone-4-C I4 , and 170.., 
20a.-dihydroxyprogesterone-4-C I4 • 
3. The 70% ethano I-Ske i I yso I ve B part it i on step ttas 
found to result in a potential Joss or 50-60% of the 
added steroid. 
4. The absence of f7a-hydroxy derivatives from in-
cubations other than those using progesterone as a 
substrate could be indicative either of a high sub-
strate specificity of the f7a-hydroxylase or reflect 
a loss of steroid in the extraction procedure. Both 
possibilities are discussed. 
5. A compound having the same Rf as 16,17-epoxy-
progesterone was isolated from the incubation using 
16 
~ -progesterone as the substrate. The formation 
27. 
of derivatives showed that this compound was probably 
not 16,17-epoxyprogesterone although it did not com-
pletely exclude this possibility. 
6. Fairly large amounts of the 20a-hydroxy derivative 
were formed after incubation with radioactive and non-
radioactive progesterone. The role of the 20-keto 
reductase, which effects this conversion, as a com-
petition of 17a-hydroxylase for NADPH and progesterone 
is discussed. 
7. 17a,20a-dihydroxyprogesterone was isolated from 
the reaction mixture using radioactive progesterone as 
the substrate. It was not found in the extracts of 
any incubation using non-radioactive progesterone or 
when 20a-hydroxyprogesterone was used as the substrate. 
Reasons for this are discussed, and a scheme for study-
ing the formation of the 17,20-diol is proposed. 
28. 
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